Adsorption of hydrogen sulfide, methanethiol, methyl sulfide, trimethylamine, and ammonia on thirteen kinds of adsorbents (5 kinds of silicate, 4 kinds of activated carbon, and 4 kinds of zeolite) was order to find the most suitable adsorbent for the removal of these gases by dry process. The relations between the amount of these gases adsorbed (mmol/cm2) on the adsorbent and the surface properties or the porous structure were examined to clarify the mechanism of adsorption of these gases on them through surface pH, pore size distribution, and area of an adsorbed particle of these gases.
INTRODUCTION
The present paper is devoted primarily to the study of fundamental information on the removal of these five kinds of odorous gases by dry process.
In order to find the most suitable adsorbent for the removal of each of these gases, equilibrium adsorption on 13 kinds of solid adsorbents was measured by a static adsorption apparatus with a spring
The amount of each gas adsorbed per unit surface area, surface pH, and pore size distribution of several adsorbents were measured to clarify the mechanism of adsorption of these gases on the adsorbents (magnesium silicate, activated carbon, and zeolite). The relation between the amount adsorbed per unit surface area (mmol/cm2) of each adsorbent and the area of adsorbed particles (A2) of these gases is discussed. EXPERIMENTAL 
Materials
Hydrogen sulfide, methyl sulfide, and ammonia gases were of certified reagent grade and obtained from Seitetsu Kagaku Company, and their labelled purities were 99.9%, 98.0%, and 99.9%, respectively. Methanethiol and trimethylamine gases of 99.07% purity were obtained from Matheson Gas Products. Solid adsorbents examined in this study are shown in Table 1 . The silicate adsorbents Nos. 1-5 were prepared in our laboratory, and the activated carbon adsorbents Nos. 6-9 and the zeolite adsorbents Nos. 10-13 were commercial products. The particle size of the adsorbents was 4-9 mesh. Their specific surface areas were measured with the Blunauer, Emmett and Teller apparatus using argon gas as an 2. Procedures of adsorption and measurement of the amount adsorbed mated from the streching of a spring balance which became constant after the adsorption took place.
Surface pH
Surface pH values of the adsorbents Nos. 1, 2, 12, and 13 were obtained using Nishicator (Nishio Universal Indicator; Nishio Kogyo Company). The method of measuring the pH of Nos. 6 and 7 4. Pore size distribution and measurement of integrated pore volume The method of measuring the pore size distribution of the adsorbents using methanol as an adal. 16 ) The integrated pore volume of adsorbents was measured by the method of Tanada et al. 17) 5. Calculation of the area of an adsorbed particle The numerical value of area of an adsorbed particle on the surface of adsorbents was calculated adsorbate density in the liquid state. The derivation of this equation is based on the assumptions concerning the arrangement of molecules in the adsorbed layer (a hexagonal, close packed lattice).
RESULTS

AND DISCUSSION
1. Amount of each gas adsorbed on the adsorbent The amount adsorbed per unit weight of adsorbent is one of the basic parameters required in choosing the most suitable adsorbent for practical purposes and, therefore, the amount of the 5 kinds of gases adsorbed per unit weight on each adsorbent is shown in Table 1 . The amount shown in this 2. Relation between the amount of each gas adsorbed per unit surface area of the adsorbents and their physical properties One of the purposes of the present study was to clarify the mechanisms of adsorption of 5 kinds of gases on magnesium silicate, activated carbon, and zeolite. The amount adsorbed (mmol/cm2) on several adsorbents are shown in Table 2 . These gases used as adsorbates are all polar. It is accordingly conceivable that the amount adsorbed (mmol/ cm2) on the adsorbents are determined by their surface properties. Their surface pH and surface area are shown in Table 3 .
It seems that the higher the pH of the adsorbent, the larger the amount of acidic gas adsorbed on it as compared with the basic gas. However, such a relation could not be found between the amount adsorbed (mmol/cm2) on the adsorbents (magnesium silicates, activated carbons, and zeolites) in Table 2 and their surface pH in Table 3 . It may be concluded that the amount of 5 kinds of gases adsorbed (mmol/cm2) on magnesium silicates, activated carbon, and zeolites is independent of the surface property such as pH.
Since these gases used as adsorbates have different areas for each of adsorbed particle, the relationship between the amount adsorbed (mmol/cm2) on the adsorbents and the area of the adsorbed particle was investigated. Table 4 shows the area of the adsorbed particle of 5 kinds of odorous gases, with a decreasing order of trimethylamine, methyl sulfide, methanethiol, hydrogen sulfide, and ammonia. Generally, the larger the area of an adsorbed particle, the smaller the amount adsorbed per unit surface area. Figures 1, 2 and 3 show the area of the adsorbed particle versus the amount adsorbed on magnesium silicates, activated carbon, and zeolites, respectively. There was no linear negative relationship between the number of molecules of each gas adsorbed (mmol/cm2) on magnesium silicates (Fig. 1) as well as on activated carbon (Fig. 2 ) and the amount of gas adsorbed on zeolites. carbon Nos. 6 and 7 were most suitable to remove those (CH3SH, (CH3)2S, N(CH3)3) with area of adsorbed particle larger than about 17A2. From this series of experiments, it may be suggested that the amount of these gases adsorbed (mmol/cm2) on activated carbon and zeolites is mainly determined by the porous structure of adsorbents.
